Introduction
Oxidative stress, characterised by an increased production of free radicals and decreased antioxidant defense, is the result of an imbalance between oxidant and antioxidant mechanisms (SORDILLO and AITKEN, 2009; KONVICNA et al., 2015) . Oxidants lead to damage to the biological macromolecules of cells, and disruption of normal metabolism and physiology. These alterations in cells lead to metabolic disorders and diseases in dairy cows (PILARCZYK et al., 2012; KUROKAWA et al., 2016) . Antioxidant concentrations and levels of free radicals are predictive of determining oxidative stress in cows. Detection of antioxidant enzymes may be helpful in the health management of cows (YANG and LI, 2015) . Therefore, detection of the antioxidant enzymes in milk has been used in evaluating the oxidative status and udder health of dairy cows . It has been reported that decreased antioxidant activity affects the immune system and phagocytic activity of cells and thereby increases the incidence of mastitis and puerperal disease (HAYAJNEH, 2014) . Mastitis is a disease that affects a large number of dairy cows. As well as affecting production and profitability, mastitis has a major welfare impact. It is very important to determine mastitis early, using various techniques (ABD ELLAH, 2013) . Both clinical and subclinical mastitis are associated with increased free radicals and decreased antioxidants in milk (ATAKISI et al., 2010) .
Antioxidant activity is produced by antioxidant enzymes (Glutathione peroxidase, catalase, superoxide dismutase) and certain vitamins. Glutathione peroxidase (GSH-Px) is a selenocysteine-containing protein that plays an important role in the cellular defence against oxidative stress (KANKOFER et al., 2010) . However, GSH-Px, as an indicator of oxidative stress, catalyzes the reduction of various hydrogen and lipid peroxides (CELI, 2011) . It is also capable of preserving milk lipids from oxidation (ABD ELLAH et al., 2013) . GSH-Px activity depends on the stage of lactation (PILARCZYK et al., 2012) , species and diet (FOX and KELLY, 2006) . A decrease in GSH-Px activity in mastitis related to inflammation has been defined (ATROSHI et al., 1987) .
In dairy cows, high and low ambient temperature may affect their welfare, metabolism, production and reproduction (BERNABUCCI et al., 2002; TURK et al., 2015) . Climatic changes also influence milk composition and some parameters of subclinical mastitis such as total bacteria count (TBC), somatic cell count (SCC), electrical conductivity (EC) (BERTOCCHI et al., 2014) . However, high ambient temperature has been found to induce free radical production. Decreased antioxidant enzyme activity during the summer months has been reported in several studies, while levels of antioxidant and oxidant enzymes in blood have been used to analyze the relationship between heat stress and oxidant levels (BERNABUCCI et al., 2002; SAKATANI et al., 2012; TURK et al., 2015) , but studies based on milk samples are missing.
The aims of this study were to evaluate the milk GSH-Px activity and various milk parameters (milk fat, milk protein, SNF, SCC, TBC, EC) in healthy dairy cows during lactation, and to demonstrate the significant correlations between GSH-Px activity, milk composition, SCC, TBC and EC, under seasonal variations.
Materials and methods
Animals and study design. The present study was conducted at a commercial dairy farm in Western Thrace (41° 8' 11¨ N, 24° 52' 57¨ E) with 60 Holstein cows housed in free stall resting barns. All animals were fed a mixed ad libitum ration containing grass, corn silage and commercial concentrate twice a day. Cows were milked by an automatic milking system, twice daily. Average milk production for the herd was 9300 ± 65 kg/305 days (between 5463 ± 52 to 13799 ± 76 kg/305 days). The age of all the animals enrolled in the study ranged from 3 to 6 years. All cows were pregnant and free from disease. The animals were divided into two groups according to calving season. The cows calving in January were assigned into the winter group (n = 30), while the other cows calving in August were assigned into the summer group (n = 30). The temperaturehumidity index (THI) values were calculated using the equation: THI (t, rh) = (1.8 × t + 32) -(0.55 -0.0055 × rh) × (1.8 × t -26), where: t is ambient temperature in °C, rh is relative humidity as a percentage (RAVAGNOLO et al., 2000) . The mean temperaturehumidity index (THI) during the study is shown in Table 1 .
Sample collection and laboratory analysis. Teat end cleaning with ethanol 70% was performed before discarding the foremilk. 10 mL milk samples obtained weekly in sterile tubes during lactation were also collected from each quarter before morning milking, once a week. The samples were stored at 4 °C. Monthly average values of the parameters were determined. Cows with evidence of clinical mastitis during a ten month period were excluded from the study.
Determination of GSH-Px activity was performed from skimmed milk with a commercial kit (Ransel, Randox Laboratories) and semiautomatic biochemistry analyzer (ERBA XL 600). The method described by PAGLIA and VALENTINE (1967) and GSH-Px activity was expressed as U/g protein. Milk samples were centrifuged at 3000 rpm for 15 min, and the supernatant was used for the analysis of GSH-Px activity.
Milk fat, milk protein, milk solids non fat (SNF) and electrical conductivity were determined using a milk analyzer (Lactoscan MCC, Boeckel Co, Hamburg, Germany). The analysis of milk samples for somatic cell count and total bacteria count were performed using the flow cytometry technique in Bactocount equipment (IBC m , Bentley Instrument, Chaska, USA). The results of SCC and TBC were expressed as cells/mL of milk and the number of colony forming units/mL of milk (CFU/mL), respectively. The aAnalysis of all milk samples was evaluated by a different investigator.
Statistical analysis. Before performing the statistical analysis, data were examined for normality as parametric test assumptions. Descriptive statistics for each variable were calculated and presented as "Mean ± Standart Error of Mean". The Pearson correlation coefficient was used to determine the correlation between GSH-Px and milk composition, SCC, TBC and EC. To test the differences in each parameter between time sampling in the winter and summer groups, General Linear Models with repeated measures design were used. When a significant difference was revealed, any significant terms were compared by Simple effect analysis with the Bonferroni adjustment. P<0.05 was considered as significant in all analyses. SPSS ® for Windows 14.1 (Licence No: 9869264) was used in the analysis of the data.
Results
In the summer group of cows, THI was higher than 72 in August, while in winter cows it was higher than 72 on July and August.
GSH-Px activity changed over time in both groups of cows (P<0.001). The GSH-Px levels ranged from 1.03 to 1.25 U/g protein in the winter group, while ranging from 0.97 to 1.25 U/g protein in the summer group during the study (Fig. 1 ). GSH-Px activity was H. E. Colakoglu et al.: Glutathione peroxidase activity, milk composition and various parameters of subclinical mastitis significantly higher in the winter group compared to the summer group during the first five months of lactation (P<0.001). However, between the 6 th and 10 th months of lactation, GSH-Px activity was significantly higher in the summer group of cows (P<0.001). The milk SCC, TBC, EC, SNF, milk fat and protein also changed over time in both groups of cows (P<0.001). The milk SCC was significantly higher in the summer group in the 1 st , 3 rd and 5 th months of lactation (Fig. 2a) . However, the SCC was significantly higher in the winter group compared to the summer group of cows between the 5 th and 10 th months of lactation. The TBC in the summer group of cows was significantly higher than in the winter group of cows in the first 7 months of lactation. However, TBC was significantly higher in the winter group between the 7 th and 10 th months of lactation (Fig.  2b) . The EC was significantly higher in the summer group between the 2 nd and 5 th months of lactation. After the 5 th month, the milk EC was markedly higher in the winter group compared to the summer group of cows in the 6 th , 7 th and 9 th months of lactation (Fig. 2c ).
Fat percentage was significantly higher in the winter group during the first 2 months of lactation. However, the summer group of cows had a higher fat percentage between the 5 th and 10 th months of lactation (Fig. 2d) . The protein percentage was markedly higher in the winter group during the first 2 months of lactation (Fig. 2e) nd and 4 th months of lactation. However, the SNF percentage was markedly higher in the summer group of cows between the 6 th and 10 th months (Fig. 2f) .
The correlations between the milk GSH-Px activity and milk composition and some parameters of subclinical mastitis under seasonal variations are shown in Table 2 . 
Discussion
Antioxidant enzymes in milk are valuable markers of oxidative status and udder health in dairy cows . A decrease in antioxidant enzymes has a negative effect on the immune system and phagocytic activity of cells, increasing the incidence of mastitis and puerperal disease (HAYAJNEH, 2014) . GSH-Px is one of the principal enzymatic defence systems in controlling the free radicals induced by neutrophils (HAMED et al., 2008) . However, GSH-Px deficiency leads to an increase in oxidative stress intensity (KANKOFER et al., 2010) .
The changes in antioxidant activity in milk due to mastitis and seasonal variations remain controversial. The data obtained from the cited literature provide conflicting results (HAMED et al., 2008; MATEI et al., 2011; YANG et al., 2011) . Some studies have investigated the activity of GSH-Px in bovine colostrum, milk and blood over a short period after calving, and in specific conditions such as clinical or subclinical mastitis (KANKOFER et al., 2010; ANDREI et al., 2011; ERISIR et al., 2011; KONVICNA et al., 2015) . GSH-Px activity at different stages of lactation has also been determined (PILARCZYK et al., 2012) . This study reflects the activity of GSH-Px during the whole period of lactation, with physiological variations.
Milk composition is influenced by many factors, such as genetics, environment, seasons and diseases. A significant decrease has been reported in milk fat and protein percentage during the summer months (PAVEL and GAVAN, 2011; BERTOCCHI et al., 2014) . However, cows calving in winter had a higher fat and protein percentage than those calving in summer (BAUL et al., 2014) . Likewise, summer SNF values were lower than in winter (HARRIS and BACHMAN, 2003) . The present study was consistent with the reports previously described. We also observed a decrease in milk fat and protein percentage during the summer months.
Oxidative stress could affect the milk yield and milk quality, depending on the severity of inflammation (SAWA et al., 2007; HAYAJNEH, 2014) . However, no information was obtained in previous studies regarding the relationship between milk GSH-Px and milk composition. In the current study, no correlation was found between milk composition and GSH-Px activity during lactation. We suggest that the main reason for the nonsignificant correlation between GSH-Px and milk composition might be the presence of healthy cows in the study.
Somatic cell count has been used as a significant indicator in monitoring udder health and milk quality. Management, season, stage of lactation and parity are the factors that influence milk SCC levels. However, milk SCC has increased during the summer months (PAVEL and GAVAN, 2011; BERTOCCHI et al., 2014) . In the present study, milk SCC increased significantly in summer months as was reported in previous studies.
H. E. Colakoglu et al.: Glutathione peroxidase activity, milk composition and various parameters of subclinical mastitis Data regarding the relationship between milk SCC and oxidant and antioxidant enzymes have been obtained in previous studies. A significant positive correlation between SCC and oxidant levels has been defined (ANDREI et al., 2009; ATAKISI et al., 2010) while a negative correlation was proven between SCC and antioxidants in blood and milk (ATAKISI et al., 2010; JOZWIK et al., 2012) . Previous studies have shown a correlation between GSH-Px and SCC in milk. Findings in published reports are still controversial. ATAKISI et al. (2010) found no relationship between total antioxidant capacity and SCC in milk. HAMED et al. (2008) also defined a positive correlation between GSH-Px and SCC in total bulk milk. A positive correlation between GSH-Px and SCC was determined in cows with subclinical mastitis MATEI et al., 2011) . However, ERSKINE et al. (1987) , HOGAN et al. (1993) reported a negative correlation between GSH-Px and SCC in milk. In contrast to previous research (HAMED et al., 2008; ANDREI et al., 2011; MATEI et al., 2011) , this study reflects a significant negative correlation between GSHPx and SCC in milk. NDIWENI et al. (1991) has reported a negative correlation between the incidence of mastitis and GSH-Px activity in cows. However, antioxidant enzymes were used by neutrophils during an infection (ERISIR et al., 2011 ). SU et al. (2002 reported more infiltrated polymorphonuclear cells in milk with higher SCC, as well as increased oxidative reactions. A decrease in GSH-Px activity in mastitis, related to inflammation, has been defined (ATROSHI et al., 1987) . In line with previous knowledge, in the study presented here, we suggest that a decrease in antioxidant level may be a result of the use of antioxidant enzymes by the neutrophils during inflammation. However, increased SCC in clinical or subclinical mastitis was associated with a concurrent decrease in antioxidant levels.
One study evaluated the relationships between climatic changes and TBC in milk. In the study, a significant increase in TBC was found during the summer months (BERTOCCHI et al., 2014) . In the present study, a significant increase was also observed in TBC during the summer months.
Only a few studies are available concerning the relationship between TBC and GSHPx. The development of pathogenic bacteria in milk is associated with an increase in GSH-Px activity . Therefore, a positive correlation between GSH-Px and TBC has been determined in milk with mastitis ). In the current study, a significant negative correlation between TBC and GSH-Px levels has been observed. The level of enzyme activity depends on the type of bacteria . ANDREI et al. (2011) reported that an antioxidant mechanism has been specified for each pathogen, and pathogens may be responsible for the production of milk GSHPx. The specific bacteria of S. intermedius, E. coli, B. cereus e.g. have been isolated in milk with mastitis ). In the current study, we did not need to identify isolates because the SCC in all cows was under the limit of 400,000 cells/mL previously described in the study by ANDREI et al. (2011). In the current study, we found a positive H. E. Colakoglu et al.: Glutathione peroxidase activity, milk composition and various parameters of subclinical mastitis relationship between TBC and SCC. Therefore, increased TBC and SCC in milk reflect the increased use of antioxidants by neutrophils. The significant positive correlation between SCC and TBC in the current study supports this hypothesis. The results of the study also support the negative correlation between TBC and GSH-Px. Electrical conductivity (EC) is one of the diagnostic methods for detection of subclinical mastitis. FIRK et al. (2002) reported that electrical conductivity was significantly higher in cows with a calving season between May and August than those with other calving seasons in the same year. In agreement with FIRK et al. (2002) , in the current study we observed a significant increase in EC during the summer months.
No information was available regarding the relationship between milk GSH-Px and electrical conductivity in previous studies. This makes it difficult to compare the results of this study. Data obtained in this study showed a significant negative correlation between GSH-Px and EC in almost all lactation months. This would indicate that it is possible to foresee a decrease in GSH-Px levels in milk with a concurrent increase in EC.
In the present study, a significant negative correlation was detected between milk GSH-Px and the diagnostic methods for mastitis such as SCC, EC and TBC. The results obtained in this study clearly indicate a decrease in milk GSH-Px levels following intramammary infection.
Exposure to heat stress causes an oxidant/antioxidant imbalance (MEGAHED et al., 2008) . However, heat stress causes a reduction in plasma antioxidant activity, increasing the production of free radicals and decreasing endogenous synthesis of antioxidants (HARMON et al., 1997; JOSHI et al., 2013) . Some authors have pointed out the increased oxidant and decreased antioxidant activity during the summer months (BERNABUCCI et al., 2002; MEGAHED et al., 2008) . Heat stressed cows had lower total antioxidants after calving during the summer than those calving in winter (TURK et al., 2015) . In previous studies the relationships between antioxidant enzymes and heat stress were determined from blood samples (BERNABUCCI et al., 2002; MEGAHED et al., 2008; JOSHI et al., 2013) . BERNABUCCI et al. (2002) also defined a decrease in blood GSH-Px activity during the summer months. Levels of blood SOD, GSH-Px and glutathione decreased in high ambient temperature during the summer (SAKATANI et al., 2012) . However, no information regarding the relationship between milk GSH-Px and heat stress is present in the literature. In the study presented here, we investigated milk GSH-Px levels in cows with different calving seasons. Remarkable differences were found between the milk GSH-Px activity of cows with different seasons of calving during lactation. Both groups of cows, calving in winter and summer, had higher GSH-Px activity between January and May. Even though there was no long-term or severe heat stress during the study, the data obtained from the current study indicate that milk GSH-Px activity in cows during lactation could be influenced by seasonal variations (temperature and humidity).
Stress is also known to cause an increase in glucocorticoid levels, and these were associated with a decrease in the function of the cells of the immune system. High levels of glucocorticoids have been reported to decrease blood glutathione and erythrocyte superoxide dismutase activity in rats (ORZECHOWSKI et al., 2000) and goats (ALILA JOHANSSON et al., 2003) . BHAT et al. (2008) reported that the high temperature and humidity of summer increase neuroendocrine stress and lipid peroxidation, which contribute to reduced erythrocyte antioxidant response in rats. MEGAHED et al. (2008) reported a negative correlation between serum cortisol and SOD levels, a positive correlation between cortisol and oxidative stress in cows, particularly in summer. The cortisol levels were not evaluated in this study. However, in line with previous knowledge, it is possible to suggest that increased cortisol levels in high temperatures affected the milk antioxidant levels as well. Further research is needed to determine the relationship between serum cortisol and milk antioxidant activity under seasonal variations.
In conclusion, cows calving in winter in the area in question had higher GSH-Px activity than those calving in summer, especially in the first few months of lactation. In the current study, the milk composition from cows calving in different seasons is independent from the milk GSH-Px activity. The alteration of milk GSH-Px levels could be used as a diagnostic tool in monitoring udder health, because of its significant relationship with the parameters of subclinical mastitis.
